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The kinematic constrains on interacting nucleons in Large Hadron Collider (LHC) heavy-ion col-
lisions are investigated in the framework of the Heavy Ion Jet Interaction Generator (HIJING) code
incorporated with a collective cascade recipe. The latter is used to implement energy-momentum
conservation constrains on both primary and secondary interacting nucleons. It is found that the
energy-momentum conservation constrains on the interacting nucleons affect the whole charged par-
ticle pseudo-rapidity density distribution ( dNch
dη
), at different centralities (from central (0-5%) to
peripheral (70-80%) collisions), in Pb+Pb collisions at
√
sNN = 2.76 TeV. In particular, the kine-
matic constrains on the interacting nucleons are shown to reduce ( dNch
dη
) yield at mid-pseudorapidity
(|η| < 2) in all centrality intervals, which is consistent with the LHC data. In addition, the model
predicts an enhancement of the hadron production at |η| > 8, which could be checked in future AL-
ICE Zero Degree Calorimeter. Such an enhancement is found to be mainly due to the interactions
of protons at the spectator parts of the collision. This indicates that the kinematic constrains are
important for a correct geometrical treatment of Pb+Pb collisions at LHC energies.
I. INTRODUCTION
Microscopic hadronic cascade models, such as HIJING
[1, 2], EPOS[3], UrQMD[4, 5] and Monte Carlo Glauber-
type models[6, 7], have been constructed for the theoret-
ical description of heavy-ion collisions at Large hadron
collider (LHC) energies. All of them have the same basis,
describing the reaction as a set of binary nucleon-nucleon
(NN) collisions, which involved the primary interacting
nucleons.
At the NN-level, the primary interacting nucleons are
important component for their reference role in deter-
mining the soft and hard mechanisms of initial particle
production in LHC energy heavy-ion collisions. Our ob-
jective here is to address the kinematic restrictions of
these interacting nucleons in the Heavy Ion Jet Interac-
tion Generator (HIJING) framework, which is designed
mainly to explore the range of possible initial conditions
that may occur in LHC energy heavy-ion collisions.
HIJING [1] treats NN-collision as a two component
geometrical model of hard (with minijet production) and
soft interactions. The hard component is characterized
by a momentum transverse (pT ) larger than a cutoff scale
(p0) and is evaluated by perturbative QCD (pQCD) us-
ing the parton distribution function (PDF) in a nucleon.
While the soft interactions (pT < p0) (non-pQCD) is
modelled by the formation and fragmentation of quark-
gluon strings. For proton-nucleus and nucleus-nucleus
collisions, HIJING implements eikonal formalism to de-
termine the probability of collision, elastic or inelastic,
and the number of jets produced in each binary colli-
sions.
∗ khelwagd@yahoo.com.
Although the energy-momentum conservation in HI-
JING is satisfied for both hard and soft mechanisms,
no kinematic constrains are imposed on nucleons that
are involved in the interactions. This may have conse-
quences on the geometrical treatment of nucleus-nucleus
collisions, that in turn should affect the initial particle
production in heavy-ion collisions.
In this work, the kinematic constraints on interacting
nucleons are investigated by employing an improved ver-
sion of HIJING (ImHIJING) with an updated modern
sets of PDFs, and a collective cascade recipe [8]. The
latter is used to implement energy-momentum conser-
vation constrains on both primary and secondary inter-
acting nucleons of nucleus-nucleus collisions. We focus
on the ALICE [9] and ATLAS [10] results of the depen-
dence of charged particle pseudorapidity density (dNchdη )
on collision centrality (from 0-5% to 70-80%) for Pb+Pb
collisions at
√
sNN = 2.76 TeV. This is because (
dNch
dη )
provides an important information on initial particle pro-
duction mechanisms and subsequent evolution in the cre-
ated hot dense nuclear matter. Moreover, the use of
model that correctly describe (dNchdη ) will have impor-
tant implications on the study of other phenomena such
as collective flow and jet quenching in heavy-ion colli-
sions at LHC energies, since they depend on the initial
condition of matter evolution.
The manuscript is organized as follows: in Section
II, we describe the model that implements energy-
momentum conservation constrains on nucleons that are
involved in nucleus-nucleus interactions. Then, in Sec.III
we use the model to analyze the ALICE and ATLAS re-
sults on (dNchdη ) as a function of collision centrality for
Pb+Pb collisions at
√
sNN = 2.76 TeV. Finally, in Sec-
tion IV we present our conclusions.
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2II. DESCRIPTION OF THE MODEL
In this section, HIJING 1.0 code with an updated par-
ton distribution functions (in short, improved HIJING
(ImHIJING)) is supplemented with a collective cascade
recipe. Aiming to establish a simple standard model, we
have chosen the standard type of HIJING model.
HIJING model [1, 2] describes nucleus-nucleus inter-
actions as a set of binary NN -collisions. At a given
impact parameter (~b) and given center of mass energy
(
√
s), NN scatterings are handled by the eikonal formal-
ism. Particles produced from two colliding nucleons at
high energies (
√
sNN > 4 GeV) are described by a hard
and a soft components. The hard component involves
processes in which minijets are produced with transverse
momentum pT larger than a transverse momentum cut
off p0. The inclusive cross section σjet of the minijets
is described by perturbative QCD, which depends on the
parton-parton cross section σab, parton distribution func-
tion fa(b)(x(a(b), Q
2) and p0, where x(a(b)) is the light cone
fraction momentum of parton a(b). The kinematics of
the jets and the associated initial and final state radia-
tion are simulated by PYTHIA model [11]. On the other
hand, the soft component (pT < p0), characterized by a
soft cross section σsoft, treats non-perturbative processes
and is modelled by the formation and fragmentation of
strings, along the lines of FRITIOF [12] and DPM [13, 14]
models.
ImHIJING is an improved version of HIJING1.383 in
which the old Duke-Owen (DO1984) [15] parameteri-
zations of parton distribution functions (PDFs) are re-
placed by a more modern sets of Martin-Stirling-Throne-
Watt (MSTW2009) PDFs [16]. Compared to DO1984
(and Gluck-Reya Vogt (GRV1995)[17] parameterizations
of HIJING2.0), the MSTW2009 include global fits to a
larger number of data sets, which includes both old and
new types of data. The old data are improved in their
precision and kinematic range. The new data include the
most precise data of inclusive jet production from both
HERA and Run II at the Tevatron from CDF [18] and
D [19, 20], that goes to larger jet pT values. These data
are important as it constrains the gluon (and quark) dis-
tributions in the domain 0.01 ≤ x ≤ 0.5 [16].
Using the MSTW2009 tabulated form of PDFs and
following the same procedure as in HIJING 2.0 [2], the
two free parameters of the model p0 and σsoft are taken
as energy dependent and chosen to fit p+p(p¯) total cross
sections and (dNchdη ) at mid-pseudorapidity. With tuned
p0(
√
s) and σsoft(
√
s), ImHIJING is found to give the
best description of (dNchdη ) , the multiplicity distributions
of charged particles and transverse momentum spectra
in non-single diffractive p+ p collisions at LHC energies,
within the pseudorapidity interval |η|< 2.4 [8].
For high energy heavy-ion collisions, both nuclear mod-
ification of nucleons [8] and partons [1] have to be con-
sidered. It is assumed that the parton distributions in a
nucleus (with mass number A), fa/A(xa) are factorizable
into parton distributions in a nucleon fa/i(xa) and the
parton, a, shadowing factor Ra/A(xa) [1, 2],
fa/A(xa) = ARa/A(xa)fa/i(xa). (1)
In default HIJING1.383, the shadowing effect for
quarks (q) and gluons (g) is taken the same. The parton
shadowing factor of the nucleon i(j) from the projectile
(A) (target(B)) is decomposed into two parts [1],
Ra/A(xa, ri) = R
0
a/A(xa)− αA(ri)Rsa/A(xa), (2)
where
R0a/A(xa) = 1 + 1.19 ln
1
6 A[x3a − 1.2x2a + 0.21xa]
+
1.08(A1/3 − 1)
ln(A+ 1)
√
xae
−x2a/0.01,
(3)
Rsa/A(xa) = e
−x2a/0.01. (4)
Here αA(ri) is the shadowing parameter with ri =√
x2i + y
2
i being the transverse distance of nucleon i
measured from its nucleus center. As a result of
parton shadowing, the pQCD cross section, e.g., be-
tween two nucleons i and j in A + B collisions
becomes proportional to αA(ri)R
s
a/A(xa)fa/i(xa, p
2
T ) ×
αA(rj)R
s
b/B(xb)fb/j(xb, p
2
T ), which is mainly affected by
the impact parameter independent shadowing parameter
αA(ri(j)).
In our calculations, however, αA is taken as impact
parameter dependence
αA(rij) = sq(g)(A
1/3 − 1) 5
3
(1− r2ij/R2A) (5)
where RA = 1.2A
1/3 is the nuclear radius and rij =√
(bx + xi − xj)2 + (by + yi − yj)2 being the transverse
distance of the interacting nucleon pair (i and j),bx(y)
and xi(j), yi(j)are the components of the impact parame-
ter vector and the coordinates of the pair measured from
their own nucleus. Here sq(g) is the shadowing param-
eter that should be fixed from comparison to the mea-
sured data of the centrality dependence of charged parti-
cle pseudorapidity density per participant pair of nucle-
ons.
The kinematic restrictions on the interacting nucleons
of nucleus-nucleus collisions are treated in ImHIJING by
utilizing a collective cascade recipe [8, 21, 22].
At the first stage, we determine the primary interact-
ing nucleons of the projectile (A) and target (B) nu-
clei by means of the eikonal formalism as implemented
in HIJING. At the second stage, we consider the non-
interacting (secondary) nucleons, the spectator nucleons
of the projectile/target nucleus. If the ith spectator nu-
cleon is at an impact distance rij from the j
th primary
interacting nucleon, then it is considered to be partici-
pant of the collision with the probability
ϕ = C exp(−r2ij/r2c ), (6)
3where rc = 1.2 fm is the mean interaction radius and
C is a free parameter which determines the strength of
secondary interactions. Such a nucleon can involve an-
other spectator nucleon and so on. Note that in the case
of C = 0, ϕ reduces to the eikonal case, no secondary
interactions.
The energy and momentum conservation laws are ap-
plied to the wounded (primary plus secondary interact-
ing) nucleons through the following procedure:
1. We characterize, in the case of two nuclei A and
B, the ith wounded nucleon of nucleus A by the
variables
x+i = (Ei + pzi)/W
+
A and pTi, (7)
and thejth wounded nucleon of the nucleus B by
y−j = (Ej − qzj)/W−B and qTj , (8)
where
W+A =
NA∑
i=1
(Ei + pzi), (9)
W−B =
NB∑
j=1
(Ej − qzj) (10)
Here Ei(Ej) and pzi(qzj) are the initial energy and
longitudinal momentum of the ith(jth) wounded
nucleon. The corresponding total energy and mo-
mentum are given byE0 =
∑NA
i=1Ei and p
0
z =∑NB
i=1 pzi, respectively, where NA(B) is the number
of wounded nucleons from the projectile/target.
2. We then ascribe to each wounded nucleon a mo-
mentum [x´+i (y´
−
j ), p´Ti(q´Tj)] distributed according
to the law:
P (x´+i , p´Ti) ∝
NA∏
i=1
e
− p´
2
Ti
<p2
T
> e−
(x´
+
i
− 1
NA
)2
d2 , (11)
under the constraints
∑NA
i=1 p´Ti = 0 and
∑NA
i=1 x´
+
i =
1. The values of d and < p2T > are chosen as 0.5
and 0.5 (GeV/c)2, which are fixed from the analysis
of (dNchdη ) in p+Pb collisions at
√
sNN = 5.02 TeV
[8].
3. The final momentum of the ith(jth) wounded nu-
cleon is obtained in terms of (x´+i , p´Ti) and (y´
−
j , q´Tj)
p´zi = (W´
+
A x´
+
i −
m´2Ti
x´+i W´
+
A
)/2, (12)
q´zj = −(W´−B y´−j −
µ´2Tj
y´−j W´
−
B
)/2. (13)
where m´2Ti = m
2
i + p´
2
Ti, µ´
2
Tj = µ
2
j + q´
2
Tj , and mi(µj)
is the mass of the ith(jth) wounded nucleon from
A(B).
4. We apply the energy-momentum conservation for
W´+A and W´
−
B :
NA∑
i=1
E´i +
NB∑
j=1
E´j =
W´+A
2
+
1
2W´+A
NA∑
i=1
m´2Ti
x´+i
+
W´−B
2
+
1
2W´−B
NB∑
j=1
µ´2Tj
y´−j
= E0A + E
0
B ,
(14)
NA∑
i=1
p´zi +
NB∑
j=1
q´zj =
W´+A
2
− 1
2W´+A
NA∑
i=1
m´2Ti
x´+i
− W´
−
B
2
+
1
2W´−B
NB∑
j=1
µ´2Tj
y´−j
= p0zA + q
0
zB ,
(15)
and
NA∑
i=1
p´iT +
NB∑
j=1
q´Tj = 0, (16)
More explicitly, W´+A and W´
−
B are given by
W´+A =
(W−0 W
+
0 + α− β +
√
∆)
2W−0
, (17)
W´−B =
(W−0 W
+
0 − α+ β +
√
∆)
2W+0
, (18)
where
W+0 = (E
0
A + E
0
B) + (p
0
zA + q
0
zB),
W−0 = (E
0
A + E
0
B)− (q0zA + q0zB),
α =
NA∑
i=1
m´2Ti
x´+i
, β =
NB∑
j=1
µ´2Tj
y´−j
,
and
∆ = (W−0 W
+
0 )
2 + α2 + β2 − 2W−0 W+0 α
− 2W−0 W+0 β − 2αβ.
The collective cascade recipe imposes energy-
momentum conservation constrains on both pri-
mary and secondary interacting nucleons in
nucleus-nucleus collisions. As will be shown below,
4such kinematic restrictions on interacting nucleons
influence the description of (dNchdη ), especially at
mid-pseudorapidity and in the pseudorapidity re-
gion of the projectile/target.
In what follows, we denote the improvements estab-
lished using the kinematic restrictions on primary
and secondary interacting nucleons in ImHIJING
as ImHIJING/Primary and ImHIJING/Secondary,
respectively. The former corresponds to the ImHI-
JING calculations without secondary interactions,
i.e., C = 0, while the latter with full cascading,
C = 1, see Eq.(6). In all calculations, unless other-
wise mentioned, the default HIJING1.383 parame-
ters are selected and no adjustments are attempted.
III. RESULTS AND DISCUSSION
In this section, we display the predictions of the ImHI-
JING code (with and without kinematic restrictions of in-
teracting nucleons) along with the recent measurements
of ALICE (for the 30% most central events) and AT-
LAS (for 40-80% event centralities) results on (dNchdη ) as
a function of collision centrality for Pb+Pb [9, 10] colli-
sions at
√
sNN = 2.76 TeV. Because the pseudorapidity
density of charged particles are measured in minimum
bias (MB), we generate 7 × 105 events for a range of
impact parameters from 0 to 2RA, i.e., 7000 events are
generated in equally spaced 100 impact parameter inter-
val. We use for the different centrality classes, the range
of impact parameter provided by ALICE and not the one
extracted from HIJING [23].
In order to study the effects of kinematic constrains
on interacting nucleons for the reaction under study in
the framework of HIJING model, one has to constrain
the parton shadowing parameter sq(g) . In the present
study, two sets of parameters are employed to demon-
strate that the fitness of (dNchdη ) for different centrality
at mid-pseudorapidity does not depend on the assumed
form of sq(g).
The first set of parameters are fixed by keeping the
value of sq(g) at 0.1 and adjusting the parameters of
the soft component, e.g., varying the values a and
b of the Lund string fragmentation function f(z) ∝
z−1(1 − z)a exp(−bm2⊥/z) here z is the light cone mo-
mentum fraction of the produced hadron of transverse
mass m⊥. In particular, instead of the default values
a = 0.5 and = 0.9 GeV−2, that corresponds to a smaller
string tension, the values a = 1.0 and b = 0.5 GeV−2
are used. These values corresponds to a larger string
tension and gives a larger multiplicity density at mid-
pseudorapidity than that from the default HIJING val-
ues, and thereby affect the magnitude of sq(g). Note
that, the ImHIJING/Secondary calculations with set 1
are performed without jet quenching. As shown in Fig.1,
the model results (short-dashed line) with set 1 are
found to be consistent with the measured charged parti-
FIG. 1. (COLOR ONLINE) Dependence of charged par-
ticle pseudorapidity density per participant nucleon pair
dNch
dη
/(0.5 < Npart >) on the number of participant
(< Npart >) in Pb + Pb collisions at
√
sNN = 2.76
TeV. The short-dashed and thick lines denote the ImHI-
JING/Secondary calculation with parameter sets 1 and 2, re-
spectively. The thin line denotes the calculation with set2 and
using a fixed parton shadowing (see text). The experimental
data from ALICE [9] and ATLAS [10] are shown by square
and closed points with error bars, respectively.
cle pseudo-rapidity density per participating nucleon pair
dNch
dη /(0.5 < Npart >) as a function of the number of
paticipants (Npart) for Pb+Pb collisions at
√
sNN = 2.76
TeV [9, 10].
The second set of parameters are adjusted by keeping
the default soft component parameters (that is using the
default Lund string fragmentation parameters of a = 0.5
and = 0.9 GeV−2) turning jet quenching on, and, fi-
nally, assuming sq(g) to be dependent on impact parame-
ter. The centrality dependence of the quark/gluon shad-
owing, which fits the measured centrality dependence of
dNch
dη /(0.5 < Npart >), takes the form
sq(g)(c) = 0.1 + 0.12c
3 − 0.14c2 − 0.0003c (19)
where the centrality c is related to the impact parameter
by the empirical formulae c = pib
2
σin
[24] with the inelastic
Pb+ Pb cross section σin ≈ 784 fm2 calculated from the
Glauber model. Using the experimental data on deep in-
elastic scattering (DIS) off nuclear targets as a constraint,
the maximum value of sq(g)(c) (that corresponds to the
most central collisions) is fixed at 0.1. According to Eq.19
the quark/gluon shadowing is decreasing rapidly as the
impact parameter increases, with sq(g)(c) ≈ 0.1 and 0.072
for b < 3.5 fm (0-5% centrality) and b ≤ 2RA fm (70-80%
centrality), respectively. As one can see, in Fig.1, the
data could not be described by assuming only a constant
5sq(g) (thin line). The introduction of sq(g)(c) (thick solid
line) has an effect on the predicted dNchdη /(0.5 < Npart >)
at peripheral collisions (< Npart > < 280) and results in
a better agreement with data.
By inspection of Fig.1, one can conclude that the
ImHIJING/Secondary results with the two different
set of parameters, for different centrality at mid-
pseudorapidity, are independent of the assumed form of
parton shadowing, which reflects the delicate balance be-
tween hard and soft processes. Notice that the maximum
value of parton shadowing for the two sets is smaller
than HIJING 2.0 (A MultiPhase Transport AMPT [25])
estimate of sq(g) = 0.2 − 0.23 [2] (sq(g) = 0.16 − 0.17
[26]) which indicates the importance of using the most
precise MSTW2009 tabulated form of PDFs, that con-
strain the gluon (and quark) distributions in the domain
0.01 ≤ x ≤ 0.5, and kinematic constrains on primary in-
teracting nucleons. Also, the AMPT model are shown to
be roughly consistent with the experimental data for cen-
tral collisions, while for peripheral collisions (< Npart >
< 169) the model calculation overestimates ALICE data
[26, 27].
One cannot conclude that the assumed form of parton
shadowing is correct without studying both the shape of
FIG. 2. (COLOR ONLINE) Pseudorapidity density of
charged particles in Pb+Pb collisions at
√
sNN = 2.76 TeV
for 0-5% centrality events. The long-dashed line denotes the
ImHIJING/Secondary calculation with set 1. While the thin,
short-dashed and solid lines denote the ImHIJING/Secondary
calculation with set 2 and using final state interactions cor-
responding to jet energy loss of 0, 2 and 4.5 GeV/fm, respec-
tively. The experimental data (square points with error bars)
are from ALICE [9].
FIG. 3. (COLOR ONLINE) Invariant transverse momen-
tum distributions of charged particles at central (0-5%) and
peripheral (70-80%) collisions in in Pb + Pb collisions at√
sNN = 2.76 TeV, from ALICE experiment [23] (points with
error bars) as compared to ImHIJING/Secondary calculations
with (thick lines) and without (thin lines) jet quenching. For
clarity, the histograms and the data have been multiplied by
the indicated values.
dNch
dη and pT -charged particles spectra. Indeed, as one
can see in Fig.2 the ImHIJING/Secondary results with
set 1 (long-dashed line) cannot describe the overall shape
of dNchdη . On the other hand, the model results with set
2 (thick lines) agree with the measured LHC data (see
Figs.2 and 3). Thus, in what follows we will study the
kinematic constrain effects using only set 2.
In Fig.2, we study the influence of final state inter-
actions of large pT jets with the dense nuclear medium,
created during Pb + Pb collisions at
√
sNN = 2.76 TeV
along the transverse direction x, on the dNchdη yield. The
results obtained by ImHIJING/Secondary are compared
to the 0-5% most central events. The final state interac-
tions scenario of HIJING 1.0 code is adopted [1], where a
part of the jet energy ∆E is transferred as a gluon kink
to the other string which the jet interacts with. A cut
off parameter  = 4.5 GeV/fm is defined below which the
jet can not lose energy anymore via interactions with the
medium. Note that the value of the cut off is taken the
same as the one for jet production p0. As one can see
6FIG. 4. (COLOR ONLINE) Pseudorapidity density of charged particles in Pb+Pb collisions at
√
sNN = 2.76 TeV for nine
centrality intervals. The solid and short-dashed lines denote the ImHIJING/Secondary and ImHIJING/Primary calculations,
respectively. The square and solid points with error bars denote ALICE [9] and ATLAS [10] data, respectively.
(thin line), turning off jet quenching (dE/dx = 0) results
in a reduction of total charged particles as much as 25%
at mid-pseudorapidity. By increasing the final state in-
teractions, when the jet energy loss (dE/dx) is less than
, the ImHIJING/Secondary predicts the level at mid-
pseudorapidity but fails to reproduce the over all shape
of dNchdη . Note that, the nearly flat
dNch
dη at |η| ≤ 2 has
also been observed [9] with models employing final state
parton cascade, as implemented in AMPT model [25].
This implies that one cannot conclude the validity of
initial conditions of HIJING type models without repro-
ducing the whole shape of dNchdη . At dE/dx = , fi-
nal state interactions yield a shoulder at |η| = 2 that
are found to be in good agreement with the measured
dNch
dη distribution, indicating that the Pb+Pb collisions
at
√
sNN = 2.76 TeV are transparent.
In Fig.3 we check the effect of changing the energy loss
parameter on the invariant transverse momentum (pT )
spectra at mid-pseudorapidity (|η| < 0.8) for the reaction
under study. As expected, the ImHIJING/Secondary cal-
culation with dE/dx = 0 overpredicts the pT -spectra
at pT > 3 GeV/c for both central and peripheral col-
lisions (thin lines). At dE/dx = , we find that the
ImHIJING/Secondary spectra are clearly suppressed at
pT > 3 GeV/c due to jet quenching, in accordance with
ALICE experimental data [23]. We also see that the
quenching effect is larger for central than peripheral col-
lisions, as it should be.
It is worthwhile noting that the AMPT model (which
includes both jet quenching and final state partonic in-
teractions) reasonably describes the charged particles pT -
spectra for pT < 1 GeV/c but gives smaller values for
larger pT [26, 27]. This indicates that the recent versions
of HIJING type models show more significant quenching
of final state hard scattered partons than seen by the
LHC data. Thus, although the present calculation from
the HIJING model is lacking the process of induced gluon
radiation and the accompanied energy loss from lead-
ing parton in QCD medium, our results with the simple
jet quenching mechanism agree with the measured LHC
data.
Next, in Fig.4, we compare both the ImHI-
JING/Primary and ImHIJING/Secondary results with
the LHC data of dNchdη per centrality class (from 0-5%
to 70-80%) for the reaction under study. The ImHI-
JING/Primary and ImHIJING/Secondary calculations
differ in the kinematic constrains on secondary inter-
acting nucleons. As one can see, ImHIJING/Primary
yields a similar shape to the measured results, but over-
estimates the level at mid-pseudorapidity (|η| ≤ 2) with
7FIG. 5. (COLOR ONLINE) ImHIJING/Secondary predictions of specific hadron species in Pb+Pb collisions at
√
sNN = 2.76
TeV: (a) for central (0-5%), (b) for semi-peripheral (20-30%) and, (c) for peripheral (70-80%) interactions. The thick lines
denote predictions for total charged particles as a reference.
increasing centrality (small dashed lines). On the other
hand, calculations with ImHIJING/Secondary are a good
fit for the whole centrality dependence of dNchdη (solid
lines). It should be pointed out that, the UrQMD, a
Color Glass Condensate-type [28] and AMPT (which uses
HIJING2.0 as initial conditions) models, fail to reproduce
the overall level and shape of ALICE data [9]. This may
imply that the ImHIJING constrains of both primary
and secondary interactions are more consistent with LHC
data.
It is interesting to note that, the introduction of kine-
matic constrains on primary and secondary interacting
nucleons enhances hadron production at large rapidity
|η| > 8, see Fig.4. This effect can be quantified by an-
alyzing the pseudorapidity density of the main charged
species such as protons, pi± and K±, as shown in Fig.5.
It is clear from the figure that the enhanced production
of charged particles at |η| > 8 is mainly due to inter-
actions between protons at the spectator parts of the
collision (long dashed lines). This implies that kinematic
constrains result in a correct geometrical treatment of
Pb + Pb collisions at LHC energies, especially at large
rapidity |η| > 8 for centrality intervals starting from 20-
30% (b ≥ RA).
Finally, in order to study the effect of imposing
energy-momentum conservation constrains on secondary
interacting nucleons, we compare in Fig.6 the ImHI-
JING/Secondary results of dNchdη for central (0-5%), semi-
peripheral (20-30%) and peripheral (70-80%) centrality
classes. The ImHIJING/secondary calculations are per-
formed with (solid lines) and without (short-dashed lines)
energy-momentum conservation constraints. Due to in-
clusion of energy-momentum conservation, the predicted
dNch
dη is quite sensitive to kinematic constrains in the pro-
jectile/target pseudorapidity region. In particular, we
clearly see a rise in the ratios of dNchdη results with energy-
momentum conservation constraints to those without at
6 < |η| < 8 before the sharp fall at |η| > 8 as the central-
ity decreases, though the ratios at mid-pseudorapidity
regions are the same.
The results presented in this paper could be interpreted
as follows. The secondary interactions induces nuclear
modification of nucleons that are involved in the primary
interactions. More specifically, nucleons taking part in
the primary interactions suffer energy loss due to cascad-
ing with other non-interacting ones, and the remaining
energy is used to produce jets or excited strings according
to ImHIJING, that in turn should influence the descrip-
tion of dNchdη as a function of collision centrality.
8FIG. 6. (COLOR ONLINE) Pseudorapidity density of charged particles in Pb+Pb collisions at
√
sNN = 2.76 TeV and different
centrality intervals: (a) for central (0-5%), (b) for semi-peripheral (20-30%) and, (c) for peripheral (70-80%) interactions.
The short dashed and solid lines denote ImHIJING/Secondary calculations without and with energy-momentum conservation
constraints, respectively. The lower part in each panel depicts the ratios of dNch
dη
results with to those without energy-momentum
conservation constraints (long dashed lines).
IV. SUMMARY AND CONCLUSIONS
The improved HIJING (ImHIJING) calculations, that
with recent MSTW2009 parton distribution functions de-
termined from global analysis of hard scattering data,
have been performed for the dependence of charged par-
ticle pseudorapidity density dNchdη on collision central-
ity (from 0-5% to 70-80%) in Pb + Pb collisions at√
sNN = 2.76 TeV. To assess the effect of kinematic con-
strains on interacting nucleons in heavy ion collisions, we
incorporated the collective cascade recipe. We found that
the effect changes the whole dNchdη yield as a function of
collision centrality. In particular, the mid-pseudorapity
region (|η| < 2) of dNchdη is ∼ 5% reduced, independent
of collision centrality, by the kinematic constrains on pri-
mary interacting nucleons, in agreement with the mea-
sured LHC data. Concerning the pseudorapidity region
of the projectile/target (|η| > 8), an enhanced produc-
tion of hadrons is clearly observed. The kinematic effects
at |η| > 8 are shown to be due to the interactions of pro-
tons at peripheral collisions.
Therefore, the inclusion of kinematic bias, due to
energy-momentum conservation constrains, on interact-
ing nucleons in nucleus-nucleus collisions induces not
only nuclear modification of nucleons (nucleon shad-
owing), that are involved in primary interactions, but
also a correct geometrical treatment of the interactions
at the projectile/target spectator regions. Such kine-
matic constrains should be implemented in microscopic
transport approaches for a better account of the initial
conditions in LHC energy heavy-ion collisions.
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